Abstract. Geopolymer coatings were coated on glass fibre-reinforced epoxy (GRE) pipe by using kaolin, white clay and silica sand as source materials and sodium hydroxide (NaOH) and sodium silicate (Na2SiO3) as alkaline solution. The microstructure and mechanical property of geopolymer coating on GRE pipe were methodically investigated through morphology analysis, and flexural strength test. The result indicates the microstructure and interfacial layer between geopolymer coating and GRE pipe significantly influence the mechanical property of geopolymer coating. However, different source materials gave different microstructure and property in geopolymer coating.
Introduction
Geopolymer has received much attention as green alternative to ordinary Portland cement (OPC), with most of the work focused on broad applications in transportation, emergency repairs, metallurgy, coating, membrane materials and nuclear waste disposal [1] [2] [3] [4] [5] . The workability of geopolymer and manufactured at normal temperature has made geopolymer increasingly being used in fireproofing covers, mending interfaces, coating pipelines and floors, and as adhesives [6, 7] . Geopolymer has displayed an opportunity all together to improve both environmental and engineering performance compared to traditional technology [8, 9] . Due to the excellent resistance to sulphate and seawater attack [10, 11] , geopolymer as a novel coating material has been studied for protective marine concretes [12, 13] . Geopolymer coating application has been studied to advance the performance in aircraft [14] , construction [15] . Besides, geopolymer have properties of anti-aging and anti-ultraviolet capability that make geopolymer suitable for fabricating inorganic exterior wall building coating [16, 17] .
In geopolymer coating, geopolymer source material used as aluminosilicate source to produce geopolymer coating material by using sodium hydroxide (NaOH) and sodium silicate (Na 2 SiO 3 ) as alkaline activator [18] [19] [20] [21] . Geopolymer source materials such as fly ash, kaolin, silica fume, ground granulate blast slag (GGBS), boiler ash and volcano ash reactivated via alkaline solution has potential to be use as geopolymer coating. Previous research in geopolymer studied has proved that fly ash was possesses good quality mechanical properties and durability in aggressive environments [19] while silica fume has been research as one of the source materials by adding the silica fume content and test based on the geopolymer porosity, water absorption and strength [22] . Besides that, kaolin as source material in geopolymer has improved mechanical strength [23] . According to the past research, GGBS activated with alkaline solution can be used to make slag concrete with satisfactory workability and strength properties [24] .
Hence, these geopolymer coating can be one of the solution to reduce the risk or lack of workability such as on glass fibre-reinforced epoxy (GRE). As the use of these material increases, so does the need to define reliable design limits in terms of performance. Most important arguably, is to predict the long term behaviour of these pipes (20-30 years) under complex loading based on the data recorded from short term failure tests. GRE pipes are normally designed to withstand high pressure. However, as with all pipelines, GRE pipes face significant risks of external interference of pipeline failures and has to spend millions of money in maintenance. Therefore, by applying geopolymer coating it can improvise the mechanical and physical properties of the GRE pipe based industrial needed. The potential of source materials geopolymer such as kaolin, white clay and silica sand has been study for the synthesis of geopolymer in geopolymer coating application.
Experimental Setup
Kaolin, white clay and silica sand from Saudi Arabia have been used as raw materials in geopolymer coating paste. Raw materials sample is sieved at 100 µm.
For alkaline activator solution, sodium hydroxide (NaOH) and sodium silicate (Na2SiO3) was prepared according to the Table 1 . NaOH in pellet from with (99 %) purity and Na2SiO3 consists of Na2O = 14.7 %, SiO2 = 29.4 % and H2O = 55.9 %.
Sample preparation
Geopolymer coating paste was prepared by mixing aluminosilicate source materials with alkaline activator solution. Kaolin, white clay and silica sand from Saudi Arabia act as aluminosilicate source materials has been sieved at 100µm in this study. Chemical composition of kaolin, white clay and silica sand as measured by XRF is as follows ( Table  1) . Dissolution of sodium hydroxide (NaOH) one litre of distilled water in a volumetric flask to obtain a 8 M concentration of NaOH. The ratio of solid/liquid in geopolymer coating paste was fixed at 1.0 [25] for all mixtures with various Na 2 SiO 3 /NaOH ratio is studied. Sodium hydroxide (NaOH) and sodium silicate (Na 2 SiO 3 ) as alkaline activator was mixed together just before it was mixed with the aluminosilicate source materials which were kaolin and white clay. After that, the alkaline solution was added to kaolin powder and mixed for 2 -5 minutes to get homogenous mixture. The same step was conducting to the white clay and silica sand powder. Geopolymer coating paste then was applied to the GRE pipe by brushing method. Thickness of coating varied between 0.3 -0.5 mm. sample GRE pipe that has been coated is placed at 75°C in the oven for 48hours. Surface treatment is applied on the GRE pipe sample before coated with geopolymer. GRE pipe sample has been cut with dimension 2.5 cm x 8 cm was cleaned with abrasive paper (grade 80) then washed with detergent, distilled water and methyl ethyl katone (MEK). 
Flexural Strength
Flexural strength is important to GRE pipe to overcome the significant risks of external interference of pipeline failures in the ground level based on industrial needed and how it improved with the applied of geopolymer coating. The result stated the highest flexural strength of kaolin, white clay and silica sand geopolymer coating sample was at 0.40 -0.60 ratio of Na 2 SiO 3 /NaOH as shown in Figure 1 . The coated GRE pipe sample with geopolymer coating has significantly improved the result of flexural strength up to 60 % compare to control sample (without coating) which was 18.57 MPa to the same conditions. The Na 2 SiO 3 /NaOH ratio was importance for the geopolymerization process and acted as alkaline activator, binder and plasticizer or dispersant [26] . Previous study Na 2 SiO 3 /NaOH ratios affected the workability of the kaolin geopolymer [25] . The workability of the kaolin geopolymer mixes decreased with increasing in the ratios. 
Scanning electron microscopy
The determination morphology characterization of kaolin, white clay and silica sand has been analyzed on raw materials and geopolymer coating paste. The sample is selected for the best flexural strength kaolin, white clay and silica sand geopolymer coating.
Scanning electron microscopy (SEM) image of raw materials kaolin and white clay demonstrated kaolinite particles of reveal irregular platelets that are arranged in face-to-face patterns as shown in Figure 2 (a) and Figure 3 (a) . Pseudo hexagonal kaolinite and some rolled and rough edged kaolinite particles are also observed. The small platelets of submicron size of kaolin and white clay show less than 2 µm. According to the past research, the particle size in the coating application is mainly under 2 µm which lead to the bigger surface for geopolymerization process [27] . However, the rounded corners and spherical quartz particle of different sizes appears in raw materials silica sand can be observed in Figure 4 (a) . Kaolin, white clay and silica sand are suitable to be use as main sources materials in geopolymer coating application because of the particles with broken edges appear contributed to the increase of the total surface charge and the reaction during geopolymerization [28] .
The microstructure of the best design all geopolymer coating shows the formation of large compacted area compare to the un-reacted particle. The SEM image analysis of kaolin and white clay based geopolymer coating (Figure 2 (b) and Figure 3 (b) ) obviously shows the raw particles has been stimulated by the alkaline activator solution with alters at the edges of the plate-like particles and became more compact [28, 29] . The microstructure of silica sand based geopolymer coating showed more homogeneous structure with more intervening materials was examined (Figure 4 (b) ). The form of compacted structure proved that the geopolymerization reaction occurred at almost all part of raw particle in silica sand. 
Interfacial study on layer between geopolymer coating and GRE pipe
The optical microscope is used in interfacial study to observe the GRE pipe sample with and without geopolymer coating. Figure 5 (a) is shows the GRE pipe sample without geopolymer coating after flexural strength testing. The interface between kaolin, white clay and silica sand geopolymer coating with the best strength in flexural and GRE pipe sample is observed under optical microscope to distinguish the different. The optical microscope image in Figure 5 (b) -(c) shows the damage and crack on GRE pipe sample is decreased compare to the GRE pipe sample without geopolymer coating. Davidovits [30] propose by varied the Si/Al ratio, it is possible to regulate the properties of geopolymer performance. Therefore, the best mix design for geopolymer coating form rigid final product, improve mechanical properties and formed better interfacial in geopolymer coating. 5(d) . The optical microscope image between silica sand geopolymer coating and GRE pipe sample after flexural testing
Summary
As conclusion, the Na 2 SiO 3 /NaOH ratio play importance role in the mix design for geopolymer coating form rigid final product, improve mechanical properties and formed better interfacial in geopolymer coating. However, different source materials gave different microstructure and property in geopolymer coating.
